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稳定的，线性Euler加2 − 𝛼格式的收敛阶是𝑂(△𝑡 + 𝑁1−𝑚)，线性Adam-Basshorth，线


































In this dissertation, we investigate numerical methods for flame front and shallow
water wave equations. A number of numerical schemes are proposed and analyzed for the
numerical solution to a flame front model and two shallow water wave equations. Some
stability and error estimates are theoretically derived and numerically confirmed. The
outline of the dissertation is as follows.
In Chapter 1, we first discuss the background and recall some existing work about the
flame front and shallow water models, together with some basic definitions and preliminary
properties. Then we summarize the main results obtained in this dissertation.
In Chapter 2, we consider the numerical solution of the flame front equation, which
is one of the most fundamental equations for modeling combustion theory. A schema
combining a finite difference approach in the time direction and a spectral method for
the space discretization is proposed. We give a detailed analysis for the proposed schema
by providing some stability and error estimates in a particular case. For the general
case, although we are unable to provide a rigorous proof for the stability, some numerical
experiments are carried out to verify the efficiency of the schema. Our numerical results
show that the stable solution manifolds have a simple structure when 𝛽 is small, while
they become more complex as the bifurcation parameter 𝛽 increases. Finally several
numerical examples are provided to support the well-known claim that the flame front
equation asymptotically converges to the K-S equation, and its solution preserves the
same structure as the K-S equation.
Chapter 3 is devoted to the numerical approximations to the K-S equation. We
construct several linearized finite difference/spectral methods for solving the K-S equation.
A particular attention is paid to the treatment of the nonlinear convection term. A careful
treatment of this term leads to some schemes which result in a linear equation (but with
variable coefficient) to be solved at each time step. A numerical analysis is performed
for the proposed schemes, and some discrete energy inequalities are obtained. Several
numerical examples are used to validate the schemes. We finally apply the validated
schemes to investigate the behavior of the solutions of the K-S equation, as well as the















In Chapter 4, we turn to study the numerical solution of the shallow water equations
under KdV and BBM forms. We propose three different schemes to numerically solve
the both equations. A detailed analysis is carried out for these schemes, and we prove
that the overall schemes are unconditionally stable. The error estimation shows that the
linearized Euler schema in time plus Fourier spectral method in space is convergent with
the convergence order 𝑂(△𝑡 +𝑁1−𝑚), and higher order convergences can be obtained if
the second order backward differentiation or Crank-Nicolson schema are used to discretize
the equation in time. In the second part of this chapter, we use the proposed methods to
investigate the asymptotical decay rate of the solutions to the KdV and BBM water wave
equations. We equally discuss the role of the diffusion terms, the geometric dispersion
and the nonlinearity respectively. The performed numerical experiment confirms that the






respectively. These numerical results are consistent with the known theoretical prediction.
In Chapter 5, we focus on the numerical investigation of a water wave model with a
nonlocal viscous dispersive term. The main difficulty in the design of numerical methods
for this equation stems from the nonlocal memory term. We construct and analyze three
different schemes to numerically solving the nonlocal water wave model. The key for the
success consists in a particular combination of the treatments for the nonlocal dispersive
term and nonlinear convection term. The proposed methods employ a known (2−𝛼)-order
schema for the 𝛼-order fractional derivative and a mixed linearization of the nonlinear
term. A rigorous analysis shows that the proposed schemes are unconditionally stable, and
the linearized Euler plus (2−𝛼)–order schema is convergent with order 𝑂(△𝑡+𝑁1−𝑚), and
the convergence order in time of the BD and Crank-Nicolson plus (2−𝛼)–order schemes is
𝑂(△𝑡 32 +𝑁1−𝑚). A series of numerical examples are presented to confirm the theoretical
prediction. Finally the proposed methods are used to investigate the asymptotical decay
rate of the solutions of the nonlocal viscous wave equation, as well as the impact of
different terms on this decay rate.
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